ABSTRACT
INTRODUCTION
Anal cancer is one of the rarest malignancies of the digestive system. In 2016, 8,080 new cases of anal cancers and 1,080 deaths from anal cancers were estimated in the United States (1) . An analysis of registry data from Western countries revealed that the incidence is increasing, which draws attention to this rare malignancy. In Canada, there were 515 new cases per year reported in 2014, with an age-adjusted annual incidence rate of 1.3 per 100,000. European data indicate that 2,000 males and 2,300 females are diagnosed with anal cancer every year (2) . Similarly, anal cancer has an age-specific incidence of 1.2 per 100,000 person-years for men and 1.6 per 100,000 person-years for women. According to the Turkish Cancer 2010 statistics between 2009 and 2013, 316 new cases of anal cancer were diagnosed, and the age-adjusted incidence rate was reported to be 0.3 per 100,000 for males and 0.2 per 100,000 for females (3) .
The anal canal is lined with three different cell types craniocaudally: glandular, transitional, and squamous cells. Hence, adenocarcinomas, melanomas, small cell carcinomas, and carcinoids are the most frequent pathological diagnoses in malignancies of the anal canal region. However, the majority of histologies are non-keratinizing squamous cell carcinomas (SCCs) and its cloacogenic, transitional, and basaloid variants.
Anal SCC has been historically treated with surgery. In modern medicine, preservation of the structural and functional integrity of the anal sphincter, while not compromising the curability, is important for the treatment of anal SCC. Hence, an organ-preserving approach with chemoradiation (CRT) was established and has been validated for more than 40 years (4) . The commonly preferred regimen for CRT comprises 5-fluorouracil (5-FU) and mitomycin (MMC). A cure is possible with CRT for the majority of patients, and surgery is considered as salvage therapy for those who relapsed or have residual disease after the first round of CRT.
Cervical and anal cancers are commonly associated with human papillomavirus (HPV) causality. Chronic infection with HPV and an increased risk of proto-oncogenicity can result in the development of squamous cell carcinoma. Along with HPV infection, other sexually transmitted diseases, such as human immunodeficiency virus (HIV) infections, are also associated with increased risk. Furthermore, chronic immunosuppression is also a risk factor for stage progression (5, 6) . With the development of highly active antiretroviral therapy, the prognosis of many cancer types has improved for HIV-positive patients, and several studies have reported successful treatment of HIV-positive patients. However, the risk of opportunistic infections and intolerance to chemotherapy due to low performance status and variations in CRT protocols are primary concerns. The present study has a different patient profile for anal SCC because the HIV prevalence, anoreceptive intercourse, and male homosexuality were low or reported to be low due to cultural and religious reasons (7).
Only a few randomized clinical trials have been performed due to the rarity of this tumor type. Therefore, epidemiological and clinical data from real-life experiences and follow-ups have a significant value for understanding the management of anal SCC. This trial was designed as a retrospective cohort analysis in a single but comprehensive cancer institute that served as a major reference center.
MATERIALS AND METHODS
The hospital electronic database was searched for patients with anal SCC who were consulted in either the medical oncology or radiation oncology department between January 1, 1995 and January 1, 2015. A local ethical committee approved the trial. Written informed consent was signed by the patients, and the principles outlined in the Declaration of Helsinki were followed. A chart review was conducted to access the demographic and clinical data. Baseline patient characteristics (age, gender, occupation, smoking status, marital status, stage at presentation, symptoms at presentation, diagnostic methods, clinical management strategies, adverse events, salvage surgeries, and colostomy surgeries) were recorded. Study endpoints included overall survival (OS), progression-free survival (PFS), colostomy rates, colostomy-free survival (CFS), and treatment-related toxicity. /d of cisplatin on day 1 with the same 5-FU application) was administered. All patients were treated with chemoradiotherapy with curative intent after the treatment volume was defined using three-dimensional computed tomography (CT)-based planning. Patients were simulated in the supine position with a full bladder and empty rectum. An intravenous contrast material was used. Target volumes consisted of the primary tumor, metastatic lymph nodes, and elective regional lymphatics, including perirectal, presacral, internal iliac, external iliac, and inguinal lymph nodes. Radiotherapy (RT) was administered using linear accelerators, typically with 6-25 MV photons, 1.8-2 Gy daily fractions, and 5 fractions per week with a median dose of 50.4 Gy (range, 43.2-64.4 Gy).
Statistical analysis
This study was designed as a retrospective cohort study, which included detailed clinical characteristics and treatment data of all cases at a single comprehensive cancer institute. Hospital records were searched for descriptive analyses and outcome data. CFS, PFS, and OS were the main outcome measures. OS was defined as the time from diagnosis to death from any cause, and PFS was defined as the time from diagnosis to disease progression or recurrence. CFS was defined as the time from diagnosis of anal cancer to the date of colostomy surgery. Comparative statistical analyses between independent groups were performed using the chi-square test for categorical variables and the Mann-Whitney test for continuous variables. The confidence interval (CI) was set as 95% throughout the analyses. Survival outcomes were assessed using the Kaplan-Meier approach, and subgroup analyses were performed using the log-rank test. All statistical analyses were performed using the IBM Statistical Package for Social Sciences (SPSS) software version 21 (IBM Inc.; Armonk, NY, USA).
RESULTS

Patient and tumor characteristics
A search of the institute's cancer records yielded 28 patients with anal cancer who were treated with CRT in the past 20 years (between January 1995 and January 2015). The main characteristics of the patients and tumors are listed in Table 1 . The median follow-up time was 54 months (range, 6-115 months). The median age of the patients was 58 years (range, 39-71 years). There were 46.4% (13) 
Treatment and response
The entire study population had been treated with CRT with curative intent, and all patients completed RT except for 1 patient. CRT was performed without interruptions in 20 (69%) patients. The median treatment interruption was 4 days (range, 2-10 days). Intensity-modulated radiotherapy (IMRT) was administered to 1 (3.6%) patient, 13 (46.4%) patients were treated with conventional RT, and 14 (50%) were treated with three-dimensional conformal RT (3DCRT Initial tumor responses were assessed radiologically with pelvic magnetic resonance imaging (MRI) 60 days after CRT. All patients showed a complete response (CR). At a median follow-up of 54 months, 4 disease progressions and 8 deaths were recorded. In 3 of 4 patients, disease relapsed in the anal canal, and in one patient, disease progression occurred both locally and in the regional (inguinal) lymphatics. Overall, 5 patients underwent abdominoperineal resection (APR), 4 patients had disease progression, and 1 patient developed non-healing anocutaneous fistula and underwent APR. In 2 of 4 patients who developed disease progression, the initial chemotherapy regimen comprised cisplatin +5-FU.
The 3-and 5-year PFS rates were 92.4% and 63%, respectively ( Figure 1A ). The initial T stage was found to be associated with prolonged PFS (p=0.001) ( Figures 1B and  1C) . The 3-and 5-year CFS rates were 84.3% and 74.9%, respectively ( Figure 2A ). Longer CFS was observed with lower T stages (p=0.05) (Figures 2b, c. ).
At the last follow-up, 75% of patients with anal cancer were alive, and 71.4% of patients were disease free. One cancer-specific death occurred due to progressive lung metastasis of the anal SCC. During the follow-up, one patient was diagnosed with metastatic pancreatic cancer as a second primary malignancy, and this patient died due to pancreatic cancer. In 3 patients, ischemic cardiac disease was the cause of death: one case was due to trauma due to a traffic accident, and one case was a cerebrovascular event. In one of the patients who developed relapse of anal SCC, lung metastasis developed in the long term; 
Toxicity
The acute toxicities are listed in Table 2 . One toxic death occurred due to febrile neutropenia after MMC chemotherapy. Grade 2 neutropenia developed in 32.1% of patients, and grade 2 thrombocytopenia occurred in 14.3% of patients. No dose adjustment was needed for hematologic toxicity. Dermatologic toxicity was fairly common; 17.9% developed grade 2 erythema, and 7.1% experienced grade 3 erythema. For 1 patient, grade 3 radiation enteritis developed, and CRT had to be interrupted for 5 days and started again. This patient developed grade 2 enteritis at the time of completion of CRT with palliative medications and without any other treatment delay. For the performance status, no statistically significant deterioration was noted during the acute term after CRT. No renal or neurologic toxic events occurred among patients treated with cisplatin.
No late toxicity was observed during the follow-up period. All patients except those who received a colostomy retained their sphincter functions. However, 1 patient developed chronic enterocutaneous fistula and subsequently underwent APR.
DISCUSSION
There are a limited number of randomized controlled studies on anal cancer. Hence, long-term follow-up data can provide important information to enhance our understanding of the course of this disease and its management. Herein, we presented an HIV-negative patient population with anal SCC treated at a high-volume cancer institute.
Surgery has historically been the choice of treatment for anal cancer. The 5-year OS outcomes of surgery ranged between 40% and 70% (8-10). However, APR resulted in permanent colostomy and major debility. The fact that SCC is radiosensitive has lead physicians to focus on less debilitating modalities, such as radiation and chemotherapy, as sphincter-sparing treatment options. The first results from an attempt at an organ-sparing approach were from Nigro et al. (4) . In the preliminary (11) (12) (13) . The OS did not differ between the groups in both trials; however, CRT was found to be better in terms of local failure rates (3 years, 30-32%) and colostomy rates (3 years, 28-24%). In the Radiation Therapy Oncology Group 87-04 trial, the disease-free survival at 4 years was superior for the 5FU/ MMC group at 73% vs. 51% for the 5FU only group (14) . Our results demonstrated that the survival outcomes were comparable and even superior to the results of RCTs. The 3-year PFS rate was 92.4%, and the 3-year CFS rate was 84.3% in our trial, which is consistent with previously published results. Additionally, the 5-year PFS was 63%, and the 5-year CFS was 74.9%. The CR rate was 100%.
We demonstrated that the initial T stage of a tumor was associated with PFS and CFS rates as expected. This finding is in agreement with previous reports (15) (16) (17) . However, we found that the TNM stage was not a prognostic factor for PFS and CFS. These results may represent the impact of the tumor size on the prognosis of anal carcinoma. The low patient population may lead to a bias for representing the association between the TNM stage and prognosis.
The majority of anal carcinoma cases have been diagnosed in early non-metastatic stages and treated with a multimodal approach. However, optimal chemotherapy and optimal radiation techniques are topics of an ongoing debate.
The most common regimens have been 5-FU as a backbone, in combination with either MMC or cisplatin. However, points of discussion have included the dosage and timing of MMC and the replacement of infusional FU with cisplatin (Table 3) . First, doses have not been standardized in RCTs (11, 14, 18, 19) . MMC was assumed to be stored in hypoxic cells and may have a continued efficacy beyond the first cycle, and the utility of a second dosage is questionable. In our patient group, we used MMC in a 15 mg/m 2 dose and omitted the second cycle of MMC because the major toxicity of CRT was hematologic and associated with MMC.
Cisplatin is the backbone of chemotherapies for many cancer types, and it is an important radiosensitizer that is efficiently used in many squamous cancer types, such as head, neck, and cervical carcinoma. In an ACT II trial, James et al. (19) tested the utility of cisplatin instead of MMC to defer hematological adverse events. The largest anal carcinoma trial, ACT II, failed to show the non-inferiority of cisplatin to MMC. Additionally, the cumulative toxicities of cisplatin-added and MMC-added groups were found to be similar. Only grade 3 hematologic toxicities were found to be significantly higher in MMC-treated patients (p<0.001). The CFS rates were 72% for cisplatin/ FU and 75% for MMC/FU. The PFS rates did not significantly differ between the MMC-and cisplatin-treated groups (73% vs. 72%, hazard ratio: 0.95, 95% CI: 0.75-1.19, p=0.63). In the long-term results of the RTOG 98-11 trial, the DFS and OS rates were in favor of the 5FU/MMC group regarding the increased hematologic toxicity grade from 3 to 4 in the MMC arm, although the overall toxicity did not differ between the cisplatin and MMC groups (18) . In our patient cohort, 6 patients were treated with cisplatin due to a shortage of MMC, and 2 patients developed disease progression. However, our study was not designed to show the difference or statistically set up to make a conclusion regarding the implications of cisplatin. Moreover, due to the available scientific evidence, cisplatin was not used at our institute as a substitute for MMC for CRT for anal cancer unless there was a shortage of MMC.
Another potential role of chemotherapeutics as a treatment strategy can be as an induction chemotherapy. Many trials have shown inefficacy or even worse outcomes (18, 20, 21) . Herein, at our institute, neoadjuvant chemotherapy or induction chemotherapy is not standard for treatment of patients with anal carcinoma.
Another agent that is offered as a substitute for CRT is capecitabine. Infusional FU has drawbacks: it requires inpatient care or the placement of a central venous line, and there are CT scheduling problems. Capecitabine is an oral prodrug of FU that has been shown to be as efficacious as infusional FU for other colorectal and non-colorectal cancers. Hence, capecitabine instead of infusional FU was tested for the treatment of anal SCC in Phase I and II studies (22, 23) . The results showed that capecitabine may be a safe and effective substitute for FU for the treatment of anal SCC. However, this treatment course should be further justified to implement a wide usage. At our institute, we did not offer capecitabine instead of FU to our patients.
The known risk factors for anal cancer include a positive HIV status, a history of anoreceptive sexual intercourse, HPV infection, smoking, and female gender. The patient population in our study was different from that in prior studies (24) (25) (26) . First, all patients with anal SCC were tested for HIV and were negative. In prior studies, HIV was reported in 6.7%-15.1% of patients (15, 27) . Although the HIV infection rate has increased in recent decades, the overall HIV prevalence is still low compared with that in Western countries (28) (29) (30) . This discrepancy may be due to the low prevalence of HIV in general (7, 29) . There is no national screening program for anal cancer and anal precancerous lesions in HIV-positive patients. Hence, real-world data on the prevalence of anal cancer have not been reported. Similarly, the HPV status was incompletely tested in the patient population of this study. HPV was detected in the tumor tissue of 2 patients (7%), whereas anal warts were present in 28% of the patients. This discordance may have been associated with changes in the pathologic techniques over the long term. This study lacks demographic data regarding the preference of gender in sexual acts and anal intercourse. Sex with the same gender is a cultural and religious taboo in Turkey. Therefore, our patients hesitated to answer questions on sexual acts and behaviors.
We investigated a group of patients with anal SCC at our institute as well as their long-term follow-up outcome results and toxicities. Our results are important because the combined patient population was from a high-volume referral cancer center and may be a good representation of the entire country. The results showed that outcomes in the real-world setting are comparable with those of published clinical trials and showed the quality of care and high standards of treatment for a rare malignancy, such as anal cancer.
In conclusion, patients with anal cancer may have a long, disease-free lifespan without morbid surgeries and functional organ loss when treated at high-volume, experienced cancer centers via a multidisciplinary approach.
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